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(54) An expansible receiver module 

(57) The present invention relates to a receiver 
module being adapted to be positioned in an ear canal, 
the receiver module comprising a receiver having a re- 
ceiver housing, said receiver being adapted to receive 
a time dependent electrical signal, said receiver further 
being adapted to generate outgoing acoustic waves via 



an output port in the receiver housing in response to the 
received time dependent electrical signal, and expansi- 
ble means surrounding at least part of the receiver hous- 
ing, said expansible means having an opening aligned 
with the output port of the receiver housing so as to allow 
the generated outgoing acoustic waves to penetrate 
away from the receiver module and into the ear canal. 
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Description 

[0001 ] The present i n vention relates to expansible re- 
ceiver modules. In particular, the present invention re- 
lates to expansible receiver modules for hearing aids. 
Such expansible receiver modules are suitable for being 
mounted within the bony area of the ear canal. 

BACKGROUND OF THE INVENTION 

[0002] Hearing aids today are typically manufactured 
in one piece - i.e. one component comprising all neces- 
sary sub-devices such as microphone, amplifier and re- 
ceiver - the latter being used to generate a sound pres- 
sure so as to excite the eardrum in response to sound 
pressure captured by the microphone. The components 
- microphone, amplifier and receiver - are encapsulated 
in a common plastic shell as illustrated in figure 1 . 
[0003] As seen in figure 1 , the hearing aid is posi- 
tioned at a relatively large distance from the eardrum - 
in front of the bony area of the ear canal. The reason for 
this being that the plastic material forming the shell en- 
capsulating the above-mentioned components is hard, 
which makes it impossible to position a conventional 
hearing aid with a plastic shell in the bony area of the 
ear canal without introducing pain to the user of the 
hearing aid. 

[0004] Another disadvantage of one-piece hearing 
aids is the large distance between the receiver output 
and the eardrum to be excited. 

[0005] Other disadvantages relating to one-piece 
hearing aid are acoustic feedback from the receiver to 
the microphone, vibrations of the receiver, which is 
transmitted to the ear canal, unpleasant for the user and 
finally the rather complicated and painful mounting of 
the hearing aid. 

[0006] US 6,094,494 discloses a device and a method 
for fitting a sound transmission device to provide an 
easy and effective fit, reduce feedback, and improve us- 
er comfort comprises an ear-piece component having a 
face at one end with operative components and a stem 
adjacent the other end. The stem houses a speakertube 
which protrudes from the component, and it has a re- 
taining means for securing an inflatable, resilient fitting 
balloon thereon. The balloon has a sound transmission 
duct within it which can be coupled to the speaker tube 
so that when the balloon is secured to the stem, a con- 
tinuous path is provided for the transmission of sound 
from the component to the user's ear canal external the 
balloon. This assembly (e.g., the component and at- 
tached balloon) is inserted into the ear canal when the 
balloon is in a deflated configuration. Air is then pumped 
into the balloon, e.g., through an air channel in the ear- 
piece component, to inflate the fitting balloon. The in- 
flated fitting balloon engages the ear-piece component 
against the walls of the user's ear canal and prevents 
sound from travelling to the external ear and face of the 
component. 
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[0007] US 4,133,984 discloses a plug-type hearing 
device comprising a sound-leading portion being insert- 
ed into the auditory miatus, a first envelope attached 
around the sound-leading portion, a second envelope 
5 being positioned at the outside of the auditory miatus 
and being communicated with the first envelope through 
a pipe, and a holding means for holding an expanded 
state of the first envelope when the volume of the latter 
is increased, wherein the volume of the second enve- 
lope is decreased to increase the volume of the first en- 
velope by the pressure of a fluid contained inside, and 
the expanded first envelope is closely contacted with the 
wall surface of the auditory miatus. 
[0008] However, the balloon introduced in US 
6,094,494 and US 4,133,984 does not solve the above- 
mentioned problems in that the hearing aid is still a one- 
piece device - the only difference compared to the hear- 
ing aid of figure 1 is that a flexible sound-leading portion 
has been attached to the hearing aid in order to guide 
sound from the receiver, which is still positioned at a 
large distance from the eardrum, to an opening near the 
inner end of the flexible sound-leading portion. 
[0009] Thus, problems related to the large distance 
between the receiver output and the eardrum is not 
solved by the set-ups suggested in US 6,094,494 and 
US 4,133,984. Even further, since the systems of US 
6,094,494 and US 4,133,984 are still one-piece hearing 
aids problems such as acoustic feedback from the re- 
ceiver to the microphone, vibrations of the receiver, 
which is transmitted to the ear canal, are still present 
and may easily influence the performance of the hearing 
aid in a negative direction. 

[0010] It is an object of the present invention to pro- 
vide an external receiver module, which solves the 
above-mentioned problems. The external receiver mod- 
ule according to the present invention has the following 
advantages: 

■ The receiver may be brought close to the eardrum 
(in the bony area). 

■ Using an expansible, preferably inflatable, medium 
to keep the receiver in its place instead of a plastic 
shell. 

■ Dividingthe conventional one-piece hearing aid into 
two parts connected by a tube. 

■ That part of the hearing aid comprising the micro- 
phone may be removed - e.g. for repair - without 
removing the receiver module from the ear canal. 

■ No problem with cerumen. 

■ No acoustic feedback to the microphone. 

■ No occlusion effect. 

■ The expansible medium may be expanded to the 
user's wishes (comfort). 

■ Easy to fit in the ear. 

■ The expansible medium is soft which is of impor- 
tance in the bony area. 

■ No vibration transfers from the receiver to the ear 
canal. 
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■ The receiver module including the expansible me- 
dium may be removed and cleaned without surgery 
by the audiologist. 

SUMMARY OF THE INVENTION 5 

[0011] The above-mentioned object is complied with, 
and the above-mentioned advantages are achieved, by 
providing, in a first aspect of the present invention a re- 
ceiver module being adapted to be positioned in an ear 10 
canal, the receiver module comprising 

a receiver having a receiver housing, said receiver 
being adapted to receive a time dependent electri- 
cal signal, said receiver further being adapted to *s 
generate outgoing acoustic waves via an output 
port in the receiver housing in response to the re- 
ceived time dependent electrical signal, and 

expansible means surrounding at least part of the 20 
receiver housing, said expansible means having an 
opening aligned with the output port of the receiver 
housing so as to allow the generated outgoing 
acoustic waves to penetrate away from the receiver 
module and into the ear canal. 

[0012] The expansible means is preferably inflatable 
means, which may be a balloon-like device, which may 
be inflated with air, liquids, gel or foam or the like. In 
order to inflate the balloon-like device, air or liquid may 
be pumped into the balloon-like device. The balloon-like 
device may be fabricated in a flexible material such as 
latex, silicone or any other elastomer. The materialmay 
be chosen so as to provide a permeable inflatable 
means so that a medium being held inside the inflatable 
means may penetrate the material forming the inflatable 
means so as to enter the bony area of the ear canal. 
[0013] Alternatively, the expansible means may be 
mechanically expansible means, which may be expand- 
ed in the ear canal. Such a mechanical arrangement 
may be an umbrella-like system such as shown in figure 
17. 

[0014] The inflatable means may also be a balloon- 
like device filled with some sort of elastic foam. The di- 
mensions/volume of such balloon-like device may be 
controlled by controlling the amount of air in the foam. 
For example, the volume of the balloon-like device may 
be reduced by pumping air out of the foam whereby the 
balloon-like device may be brought into its final position 
- e.g. its final position in an ear canal! The pump may 
then be disconnected, and the foam will now be filled/or 
at least partly filled with air whereby its dimensions will 
increase so as to fit the dimensions of the ear canal. The 
expansible means may be made of a sponge-like mate- 
rial, so that it is self-expansible (e.g. similar to the known 
self-expansible ear plugs). 

[0015] The receiver module may further comprise a 
tube section having first and second end parts, the first 



end part being connected to the expansible means and/ 
or the receiver. The tube section may be adapted to pro- 
vide to the inflatable means a medium to inflate the in- 
flatable means. This medium may be water, saltwater, 
glycerine, or silicone oil. Preferably, the tube section 
comprises a hollow inner section, said hollow inner sec- 
tion being adapted support electrical means for provid- 
ing the electrical signal to the receiver. These electrical 
means may be electrical wires or the like. The tube sec- 
tion is preferably formed as a one-piece component with 
the inflatable means. In this situation, the tube/inflatable 
means may be fabricated as a single flexible tube having 
at least two sections with different diameters - one di- 
ameter being larger than the other. The integrated tube/ 
inflatable means may then be provided by pulling the 
section having the smallest diameter into the section 
having the larger diameter, whereby a hollow tube with 
"integrated" inflatable means may be established. 
[0016] The second end part of the tube section may 
be connected to a connection terminal, said connection 
terminal having electrical contacts connected to the 
electrical means supported by the inner section of the 
tube section. The connection terminal may comprise 
means for handling the medium for inflating the inflata- 
ble means. 

[0017] Preferably, the connection terminal is a socket 
having electrical terminals for connecting the receiver to 
external electronic devices in terms of power, electrical 
signals representing amplified sound pressure etc. 
Such external electronic devices may be that part of a 
hearing aid comprising the microphone and the amplifi- 
er. The handling means for handling the medium for in- 
flating the inflatable means may be some sort of canal 
in which the medium may flow. The canal will typically 
be combined with some kind of closing or switch. 
[0018] The receiver module may further comprise a 
filter positioned in the opening of the expansible mean 
so as to cover the output port of the receiver housing. 
Alternatively, the receiver module may comprise a mem- 
brane positioned in the opening of the expansible mean 
so as to cover the output port of the receiver housing in 
order to protect the receiver against cerumen. 
[0019] The receiver module may further comprise 
pump means for providing the medium to inflate the in- 
flatable means to the inflatable means. As already men- 
tioned this medium may be air, liquids, gel or the like. 
This pump means may be driven electrically or mechan- 
ically. In one embodiment, the receiver of the receiver 
module may act as the pump for inflating the inflatable 
means. The pump means may be controlled by activat- 
ing an external string. By external is meant that the string 
is accessible for e.g. the user of the receiver module - 
e.g. accessible from the outside of the ear. Activation 
may be achieved by rotating, bending, pulling and/or 
pushing the string relative to the receiver module, 
whereby the pump means may be switched on and/or 
off. Even further, by activating the string the pressure in 
the inflatable means may be adjusted. Finally, the string 
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may be used to remove the receiver module from the 
ear canal - simply by pulling the string. 
[0020] The receiver may be connected to the inflata- 
ble means, so that the back volume of the receiver is 
used for inflating the inflatable means. This back volume 
may act as a reservoir for housing the medium to be 
pumped into the inflatable means when the receiver 
module is to be positioned in the ear canal. When the 
receiver module is to be removed from the ear canal, 
the medium is pumped back into the back volume. Fur- 
ther, the tube section may be used as an extra back vol- 
ume, and in that case the second end of it will be closed, 
as shown in figure 13. 

[0021] The receiver module may further comprise a 
vent canal, said vent canal forming part of the inflatable 
means and the tube section so as to establish an unbro- 
ken vent canal from the second end part of the tube sec- 
tion to a point adjacent to the opening of the inflatable 
means. This vent canal is used to avoid occlusion and 
to equalise pressure between the area between the re- 
ceiver module and the eardrum, and the outside. The 
vent canal may be provided/established by folding the 
inflatable means in a predetermined way so that parts 
of the folded areas define the vent canal. 
[0022] In a second aspect, the present invention re- 
lates to a receiver module being adapted to be posi- 
tioned in an ear canal, the receiver module comprising 

- a flexible membrane having predetermined mag- 
netic properties within a predetermined region of 
the membrane, 

expansible means having an opening holding the 
membrane, 

a tube section having first and second end parts, 
the first end part being connected to the expansible 
means, and 

means for generating a magnetic field in response 
to a provided time dependent electrical signal, the 
generated magnetic field displacing the flexible 
membrane in accordance with the provided time de- 
pendent electrical signal so as to generate outgoing 
acoustic waves which penetrate away from the flex- 
ible membrane and into the ear canal. 

[0023] Again, the expansible means is preferably in- 
flatable means, which may be a balloon-like device, 
which maybe inflated with air, liquids, gel or the like, in 
order to inflate the balloon-like device, air or liquid may 
be pumped into the balloon-like device. Alternatively, 
the expansible means may be mechanically expansible 
means, which may be expanded in the ear canal, like 
the system shown in figure 1 6. The tube section may be 
adapted to provide to the inflatable means a medium to 
inflate the inflatable means. 

[0024] The receiver module may further comprise a 



vent canal, said vent canal forming part of the inflatable 
means and the tube section so as to establish an unbro- 
ken vent canal from the second end part of the tube sec- 
tion to a point adjacent to the opening of the inflatable 
5 means. This vent canal is used to avoid occlusion and 
to equalise pressure between the area between the re- 
ceiver module and the eardrum, and the outside. 
[0025] The expansible means may be as describes in 
relation to the first aspect of the present invention. The 
same holds for the suggested media for inflating the in- 
flatable means. 

[0026] The predetermined magnetic properties may 
be determined by a magnet attached to the membrane. 
Alternatively, the predetermined magnetic properties 
may be determined by the membrane itself in case the 
membrane is magnetised by a magnetic material. The 
magnetisation may be provided by doping the mem- 
brane with a magnetic material such as iron. The mag- 
netic field may be generated by means of a coil of 
wounded wire. 

[0027] In a third aspect, the present invention relates 
to a receiver module being adapted to be positioned in 
an ear canal, the receiver module comprising 

25 - a flexible membrane having predetermined mag- 
netic properties within a predetermined region of 
the membrane, 

expansible means having an opening holding the 
30 membrane, 

a tube section having first and second end parts, 
the first end part being connected to the expansible 
means, and 

35 

driving means for driving the flexible membrane in 
response to a time dependent electrical signal pro- 
vided to the driving means so as to generate outgo- 
ing acoustic waves in accordance with the time de- 
40 pendent electrical signal. 

[0028] Similar to the first and second aspects, the ex- 
pansible means is preferably inflatable means, which 
may be a balloon-like device, which may be inflated with 

45 air, liquids, gel or the like. In order to inflate the balloon- 
like device, air or liquid may be pumped into the balloon- 
like device using pump means. Alternatively, the expan- 
sible means may be mechanically expansible means (e. 
g. an umbrella-like opening system or a sponge-like ma- 

50 terial) , which may be expanded in the ear canal, like the 
system shown in figure 16. The tube section may be 
adapted to provide to the inflatable means a medium to 
inflate the inflatable means. 

[0029] The expansible means may be as previously 
55 described in relation to the first and second aspect of 
the present invention. The same holds for the suggested 
media for inflating the inflatable means (air, a gel, a 
foam, or a liquid) and the preferred implementation of 
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the vent canal - i.e. an unbroken vent canal from the 
second end part of the tube section to a point adjacent 
to the opening of the inflatable means. The driving 
means may comprise piezo-electrical materials. Alter- 
natively, the driving means may comprise a flexible pol- 
ymeric charged film or magnetostrictive materials. 
[0030] The second end part of the tube section may 
be connected to a connection terminal, said connection 
terminal having electrical contacts connected to electri- 
cal means for providing the time dependent electrical 
signal to the receiver. The connection terminal may 
comprise means for handling the medium for inflating 
the inflatable means. 

[0031] The receiver may be connected to the inflata- 
ble means so that a back volume of the receiver inflates 
the inflatable means upon providing a pressure the back 
volume of the receiver. The receiver may further com- 
prise a layer of soft and flexible material surrounding the 
expansible means. This soft and flexible material will, 
when the receiver module is positioned in the ear canal, 
be positioned between the bony area of the ear canal 
and the expansible means. 

[0032] It may be advantageous to shape the expan- 
sible means in a way so that, in across-sectional profile, 
the expansible means takes an elliptically shaped pro- 
file. 

[0033] In a fourth aspect, the present invention relates 
to a hearing aid comprising a receiver module according 
to any of the preceding aspects. The hearing aid may in 
principle be any type of hearing aid, but it is preferably 
selected from the group consisting of BTE, ITE, ITC or 
CIC. 

[0034] In relation to the first, second, third, and fourth 
aspects, the electrical signal may e.g. represent incom- 
ing acoustic waves and/or electromagnetic waves. The 
source providing the waves may e.g. be synthetic 
speech or music e.g. generated by a computer or it could 
be normal regular speech. Thus, beside hearing aids, 
the receiver module may be used in head-sets, head- 
phones, ALDs and of course hearing instruments. 
[0035] It should be understood that, though the 
present invention relates to a number of independent 
aspects, any combination of these aspects is possible 
within the scope of the present document. 

BRIEF DESCRIPTION OF THE INVENTION 

[0036] The present invention will now be described in 
further details with reference to the accompanying fig- 
ures, where 

Figure 1 shows a conventional hearing aid arrange- 
ment, 

Figure 2 shows the general principle behind the 
present invention where a normal receiver B is part- 
ly surrounded by flexible member A which is con- 
nected by tube section C to hearing aid D. The flex- 
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ible member - e.g. a balloon * is connected to the 
outside and can there be inflated with some kind of 
small pump, 

s Figure 3 shows a membrane attached to the balloon 

as a cerumen filter, 

Figure 4 shows that the membrane may be driven 
by a magnet attached to the membrane, the coil 
io generates the required magnetic field, 

Figure 5 shows an alternative to the embodiment of 
figure 4, the membrane is now driven by another 
type of driver (piezo, a flexible polymeric charged 
15 film, magnetostrictive, etc), 

Figure 6 shows an embodiment including a pump 
for pumping air, liquid or gel in or out of the flexible 
member, 

20 

Figure 7 shows an arrangement where the receiver 
and flexible member is attaching to the hearing via 
a socket whereby the two parts (receiver with flex- 
ible member and hearing) may be easily discon- 
25 nected and reconnected again, 

Figure 8 shows an arrangement including a vent ca- 
nal so as to avoid occlusion, 

30 Figure 9 shows an arrangement where the tube and 
balloon are of a different material, 

Figure 10 shows an arrangement where an extra 
snout is added so that the back volume of the re- 
35 ceiver works as a pump for blowing up the balloon, 

Figure 11 shows an arrangement where the balloon 
is filled with a liquid, 

40 Figure 1 2 shows an arrangement where a hole is 
provided in the receiver in order to connect the re- 
ceiver back volume with the volume of the tube, 

Figure 1 3 shows an arrangement where the balloon 
45 is filled with foam, 

Figure 14 shows an arrangement where a moving 
coil is used as receiver, 

so Figure 15 shows an arrangement where a ring of 
soft material is put around the balloon, 

Figure 1 6 shows an arrangement where the expan- 
sible means comprises a mechanically "umbrella- 
55 |jke" system shows as to expand the expansible 
means mechanically, 

Figure 17 shows the present invention applied in 
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connection with a BTE hearing aid, and 

Figure 18 shows the present invention applied in 
connection with a ITE hearing aid. 

DETAILED DESCRIPTION OF THE INVENTION 

[0037] The main aspect of the present invention is il- 
lustrated in figure 2 where receiver B is at least partly 
surrounded by inflatable means A (e.g. balloon) which 
is connected to hearing aid D via tube section C. Inflat- 
able medium A is connected to the outside and can be 
inflated using some kind of pump. 
[0038] Inflatable means A could be a balloon which, 
after being inserted in the ear canal, is inflated with air, 
liquids, gel orthe like. An external pump is used to inflate 
the balloon. Preferably, the pump may be controlled by 
the user so that the user may adjust the pressure in the 
balloon so as obtain maximum comfort. 
[0039] In an alternative embodiment, the inflatable 
means can also be a flexible member filled with some 
sort of elastic foam. The dimensions/volume of this flex- 
ible member can be controlled by controlling the amount 
of air in the foam. For example, the volume of the flexible 
member can be reduced by pumping air out of the foam 
whereby the flexible member can be brought into its final 
position in the ear canal. At its final position air will be 
provided to the foam causing the foam to expand so as 
to fill up the area between receiver B and the ear canal 
as shown in figure 2. 

[0040] The receiver module is connected to hearing 
aid D via tube section C. Hearing aid D typically com- 
prises a microphone and an amplifier to amplify electri- 
cal signals generated by the microphone. The amplified 
signals are provided via tube section C to receiver B. 
[0041] In a preferred embodiment, tube section C has 
first and second end parts, the first end part being con- 
nected to inflatable means A. Tube section C is also 
adapted to provide to inflatable means A the medium to 
inflate the inflatable means (air, liquid, gel or the like). 
Preferable, tube section C comprises a hollow inner sec- 
tion for carrying electrical wires from hearing aid D to 
receiver B. 

[0042] Figure 3 shows a similar system as shown in 
figure 2 now with a membrane positioned in front of the 
receiver. This membrane acts as a filter against ceru- 
men and thereby protects the receiver. 
[0043] Figure 4 and 5 show alternative embodiments 
of the present invention. In figure 4 the membrane has 
predetermined magnetic properties determined by a 
magnet attached directly to the membrane. Alternative- 
ly, the predetermined magnetic properties can be 
achieved by doping the membrane - e.g. during manu- 
facturing - with a magnetic material. In figure 4, the 
membrane is driven by a coil electrically connected to 
the hearing aid. In figure 5, the membrane is driven by 
some sort of driver - e.g. a driver comprising piezo-elec- 
tric, a flexible polymeric charged film ormagnetostrictive 



materials. 

[0044] In figure 6, a pump has been added to the em- 
bodiment shown in figure 3. The pump is adapted to pro- 
vide to the inflatable means the medium for inflating said 
5 means. As already mentioned, this medium could be air, 
liquid or gel or the like. The pump can also be used to 
empty the inflatable means and thereby reduce the vol- 
ume of the inflatable means. Alternatively, the pump can 
be used to pump air out of a foam-filled flexible member 
so as to reduce the volume of the flexible member con- 
stituting the inflatable means. The pump can be operat- 
ed either mechanically or electrically. In case of an elec- 
trical pump, the receiver of the receiver module can act 
as a small pump for inflating/emptying the inflatable 
means/foam-filled flexible member. 
[0045] In figure 7, the second end part of tube section 
C is connected to a socket having electrical terminals 
for connecting the receiver to the hearing aid via elec- 
trical terminals in the socket. Power signals and electri- 
cal signals representing amplified sound pressure orthe 
like can be exchanged across the socket between the 
hearing aid and the receiver. Preferably, the socket also 
comprises handling means for handling the medium for 
inflating the inflatable means. This can be in form of a 
canal in which the medium is guided. The canal will typ- 
ically be combined with some kind of closing or switch 
so that the medium remains within the tube section in 
case the socket is removed from the hearing aid. 
[0046] The receiver module can also include a vent 
canal - see figure 8 . Preferably, the vent canal forms part 
of the inflatable means and the tube section so as to 
establish an unbroken vent canal from the second end 
part of the tube section to a point adjacent to the opening 
of the inflatable means. This vent canal is used to avoid 
occlusion and to equalise pressure between the area 
between the receiver module and the eardrum, and the 
outside. 

[0047] Figure 9 shows an arrangement almost similar 
to that of figure 3, but wherein the tube and balloon is 
made of different materials. 

[0048] In figure 1 0, an extra snout is added to the re- 
ceiver so that the back volume of the receiver may work 
as a pump for blowing up the balloon. Thus, this embod- 
iment does not require a separate pump. The rear snout 
of the receiver is connected to the air canal. 
[0049] Figure 11 shows an arrangement where the 
balloon is filled with a liquid instead of air. The balloon 
may be filled with both air and liquid. Alternatively or ad- 
ditionally, the balloon may inflate itself from a vacuum 
(or lower pressure) position. Thus, in order to remove 
the hearing aid, the air should be pumped out, and in 
this "vacuum position" the balloon should be pre-ten- 
sioned so as to inflate itself upon releasing said vacuum. 
One way of providing a self-inflating balloon could be to 
manufacture it of a sponge-like material. 
[0050] In figure 12, the back volume of the tube is 
used as extra back volume for the receiver. A hole (not 
shown) is provided in the receiver so as to connect the 
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receiver back volume to the volume of the tube. The tube 
is closed in the end opposite to the receiver by a mem- 
brane. In figure 13, the balloon is filled with foam. 
[0051] In figure 14, the receiver comprises a moving 
coil (instead of a regular receiver) positioned in the in- 
flatable balloon. 

[0052] Figure 1 5 shows an arrangement where a ring 
of soft material is put around the balloon. The soft ring 
may provide an even softer and painless mounting of 
the receiver module in the ear canal than the embodi- 
ments shown in the previous figures. 
[0053] In figure 16, the balloon is opened with an "um- 
brella-like" system so as to open the balloon mechani- 
cally. The umbrella is opened when pushing the rod E 
inwardly towards the receiver so as to push the soft ma- 
terial towards the ear wall. Pulling the rod E outwardly 
closes the umbrella. 

[0054] Figure 1 7 shows the present invention in com- 
bination with a BTE hearing aid. The receiver module is 
positioned within the bony area of the ear canal whereas 
the BTE hearing aid is outside the ear canal. The receiv- 
er module and the BTE hearing aid are connected via 
an extended tube section and a socket. Thus, the two 
parts can be easily separated in case that should be re- 
quired. 

[0055] Figure 1 8 shows the present invention in com- 
bination with an ITE hearing aid. Again, the receiver 
module is positioned within the bony area of the ear ca- 
nal whereas the ITE hearing aid is positioned in the soft 
area of the ear canal. The receiver module and the ITE 
hearing aid are connected via a tube section and a sock- 
et whereby the two parts can be easily separated. The 
concept of figure 1 8 also applies for ITC and CIC hearing 
aids. 

[0056] It is a common feature of the combinations of 
figures 1 7 and 1 8 that they both offer a huge adaptability. 
The user of the receiver module takes advantage of this 
adaptability in that the balloon/flexible member continu- 
ously adapts its shape to the ear canal - for example in 
the situation where the ear canal changes due to ageing. 
[0057] In general it should be mentioned that the 
present invention may be applied in connection with all 
types of known hearing aid systems, such as BTE, ITE, 
ITC and CIC. Thus, variations and modifications of the 
disclosed embodiments may be implemented by a 
skilled person in the art without departing from the spirit 
and scope of the present invention. 



Claims 

1. A receiver module being adapted to be positioned 
in an ear canal, the receiver module comprising 

a receiver having a receiver housing, said re- 
ceiver being adapted to receive a time depend- 
ent electrical signal, said receiver further being 
adapted to generate outgoing acoustic waves 



via an output port in the receiver housing in re- 
sponse to the received time dependent electri- 
cal signal, and 

5 - expansible means surrounding at least part of 

the receiver housing, said expansible means 
having an opening aligned with the output port 
of the receiver housing so as to allow the gen- 
erated outgoing acoustic waves to penetrate 

10 away from the receiver module and into the ear 

canal. 

2. A receiver module according to claim 1 , wherein the 
expansible means comprises mechanically expan- 
ds sible means. 

3. A receiver module according to claim 1 or 2, where- 
in the expansible means comprises inflatable 
means. 

20 

4. A receiver module according to claim 3, further 
comprising a tube section having first and second 
end parts, the first end part being connected to the 
inflatable means and/or to the receiver housing, 

25 said tube section being adapted to provide to the 
inflatable means a medium, said medium being 
adapted to inflate the inflatable means. 

5. A receiver module according to claim 4, further 
30 comprising pump means for providing the medium 

into the inflatable means so as to inflate the inflata- 
ble means. 

6. A receiver module according to claim 4 or 5, where- 
35 in the tube section comprises a hollow inner section, 

said hollow inner section being adapted support 
electrical means for providing the time dependent 
electrical signal to the receiver. 

40 7. A receiver module according any of the preceding 
claims, further comprising a filter positioned across 
the opening of the expansible means so as to cover 
the output port of the receiver housing. 

45 8. A receiver module according any of claims 1 -6, fur- 
ther comprising a membrane positioned across the 
opening of the expansible means so as to cover the 
output port of the receiver housing. 

50 9. A receiver module according to claims 4, 5, 6 or 8, 
further comprising a vent canal, said vent canal 
forming part of the inflatable means and the tube 
section so as to establish an unbroken vent canal 
from the second end part of the tube section to a 

55 point adjacent to the opening of the inflatable 
means. 

10. A receiver module being adapted to be positioned 
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in an ear canal, the receiver module comprising 

a flexible membrane having predetermined 
magnetic properties within a predetermined re- 
gion of the membrane, s 

expansible means having an opening holding 
the membrane, 

a tube section having first and second end 10 
parts, the first end part being connected to the 
expansible means, and 

means for generating a magnetic field in re- 
sponse to a provided time dependent electrical 15 
signal, the generated magnetic field displacing 
the flexible membrane in accordance with the 
provided time dependent electrical signal so as 
to generate outgoing acoustic waves which 
penetrate away from the flexible membrane 20 
and into the ear canal. 

11. A receiver module according to claim 10, wherein 
said expansible means comprises mechanically ex- 
pansible means. 25 

12. A receiver module according to claim 10 or 11, 
wherein said expansible means comprises inflata- 
ble means, and wherein the tube section is adapted 

to provide to the inflatable means a medium, said 30 
medium being adapted to inflate the inflatable 
means 

13. A receiver module according to claim 12, further 
comprising pump means for providing the medium 35 
into the inflatable means so as to inflate the inflata- 
ble means. 

14. A receiver module according to any of claims 10-13, 
wherein the predetermined magnetic properties are 40 
determined by a magnet attached to the membrane. 

15. A receiver module according to any of claims 11-14, 
wherein the means for generating the magnetic field 
comprises a coil. 45 

16. A receiver module according to any of claims 12-16, 
further comprising a vent canal, said vent canal 
forming part of the inflatable means and the tube 
section so as to establish an unbroken vent canal 50 
from the second end part of the tube section to a 
point adjacent to the opening of the inflatable 
means. 

17. A receiver module being adapted to be positioned 55 
in an ear canal, the receiver module comprising 

a flexible membrane having predetermined 



magnetic properties within a predetermined re- 
gion of the membrane, 

expansible means having an opening holding 
the membrane, 

a tube section having first and second end 
parts, the first end part being connected to the 
expansible means, and 

driving means for driving the flexible membrane 
in response to a time dependent electrical sig- 
nal provided to the driving means so as to gen- 
erate outgoing acoustic waves in accordance 
with the time dependent electrical signal. 

18. A receiver module according to claim 17, wherein 
said expansible means comprises mechanically ex- 
pansible means. 

19. A receiver module according to claim 17 or 18, 
wherein said expansible means comprises inflata- 
ble means, and wherein the tube section is adapted 
to provide to the inflatable means a medium to in- 
flate the inflatable means. 

20. A receiver module according to claim 19, further 
comprising pump means for providing the medium 
into the inflatable means so as to inflate the inflata- 
ble means. 

21. A receiver module according to any of claims 17-20, 
wherein the driving means comprises piezo-electri- 
cal materials. 

22. A receiver module according to any of claims 17-20, 
wherein the driving means comprises a flexible a 
flexible polymeric charged film charged film. 

23. A receiver module accordingto any of claims 17-20, 
wherein the driving means comprises magnetostric- 
tive materials. 

24. A receiver module according to any of claims 19-23, 
further comprising a vent canal, said vent canal 
forming part of the inflatable means and the tube 
section so as to establish an unbroken vent canal 
from the second end part of the tube section to a 
point adjacent to the opening of the inflatable 
means. 

25. A receiver module according to any of claims 4-6 or 
any of claims 10-24, wherein the second end part 
of the tube section is connected to a connection ter- 
minal, said connection terminal having electrical 
contacts connected to electrical means for provid- 
ing the time dependent electrical signal to the re- 
ceiver. 
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26. A receiver module according to claim 25, wherein 
said connection terminal comprises means for han- 
dling the medium for inflating the inflatable means. 

27. A receiver module according to any of claims 1 9-26, 5 
further comprising pump means for providing the 
medium to inflate the inflatable means to the inflat- 
able means. 

28. A receiver module according to any of claims 4-6, 10 
12, 13, 19 or 20, wherein the medium to inflate the 
inflatable means is air. 

29. A receiver module according to any of claims 4-6, 

12, 13, 19 or 20, wherein the medium to inflate the *5 
inflatable means is a gel. 

30. A receiver module according to any of claims 4-6, 
12, 13, 19 or 20, wherein the medium to inflate the 
inflatable means is a foam. 20 

31. A receiver module according to any of claims 4-6, 
12, 13, 19 or 20, wherein the medium to inflate the 
inflatable means is a liquid. 

25 

32. A receiver module according to any of claims 1 , 2, 
10, 11, 17 or 18, wherein the expansible means is 
made of a sponge-like material so as to be self-ex- 
pansible. 

30 

33. A receiver module according to any of claims 2, 1 1 
or 18, wherein mechanically expansible means 
comprises an umbrella-like opening system. 

34. A receiver module according to any of claims 4-6, 35 
1 2, 1 3, 1 9, 20 or 28-31 , wherein the receiver is con- 
nected to the inflatable means so that a back vol- 
ume of the receiver inflates the inflatable means. 

35. A receiver according to any of the preceding claims, 40 
further comprising a layer of soft and flexible mate- 
rial surrounding the expansible means. 

36. A receiver according to any of the preceding claims, 
wherein the expansible means, in a cross-sectional 45 
profile, takes an elliptically shaped profile. 

37. A hearing aid comprising a receiver module accord- 
ing to any of the preceding claims. 

50 

38. A hearing aid according to claim 37, wherein the 
hearing aid is selected from the group hearing aids 
consisting of BTE. ITE, ITC or CIC. 

55 
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